The effect of exercise on gas exchange was studied in 17 patients (seven male and 10 female) recovering in hospital from acute severe asthma. On admission the patients (mean age 26 (SD 8) years) had a mean peak expiratory flow (PEF) of 26 8%
Patients treated in hospital for acute asthma are usually monitored by serial assessment of symptoms, clinical examination, and measurement of airflow-usually peak expiratory flow (PEF). Patients are discharged from hospital when their symptoms have abated and their peak flow recordings are stable. On their return home their activity will increase; yet very little is known about the cardiorespiratory effects of exercise after treatment for an acute attack, and patients are seldom given advice on the level of activity they can safely engage in after discharge.
Although treatment in hospital for acute asthma usually results in prompt improvement of symptoms and PEF,' residual disturbance of lung function may persist for weeks, probably as a consequence of persistent narrowing in peripheral airways.' This results in ventilationperfusion (VA/Q) imbalance,2 which, if severe, may cause hypoxaemia that persists weeks after the acute attack. ' Despite being symptom free at rest, patients recovering from acute asthma are more likely to have residual abnormalities of lung function than are symptom free patients whose asthma has been stable for some time.4 Such abnormalities might not be apparent at rest but could cause impaired gas exchange during exercise when the cardiorespiratory system is stressed.
The bronchoconstrictor effect of exercise in asthmatic patients has been studied in detail,5 but not in patients recently treated for a spontaneous attack of asthma. In such patients bronchoconstriction induced by exercise might aggravate pre-existing VA/4 imbalance.
The aim of this study was to examine the effects of exercise on gas exchange, in patients recently treated in hospital for acute severe asthma, and to relate the changes seen during exercise to measurements of airflow and blood gas tensions recorded before exercise.
Results

PATIENTS
We studied 17 patients (seven male, 10 female) admitted to Signals from the turbine ventilometer, gas analysers, and oscilloscope were fed to a microcomputer. Values for heart rate (f,) breathing frequency (fbr), tidal volume (VT), minute ventilation (VE), oxygen uptake (Vo2), and carbon dioxide production (Vco2) and the respiratory exchange ratio (R) were Ideal alveolar oxygen tension (PAo2) was calculated from the blood gas data collected when patients were first admitted to hospital on the basis of the shortened form of the alveolar gas equation'0:
where FIO2 is the inspired oxygen concentration, PB is barometric pressure, PH2O is saturated water vapour pressure at body temperature (6-3 kPa at 37°C), and R is assumed to be08.
The full alveolar gas equation was used to calculate Pao2 from the blood gas measurements on arterialised capillary blood,"
with the R value recorded at the time blood samples were taken: Pao2= FIo2 X (PB-PH20)-R + Paco2 + R X FIO2(I-R). PEF-peak expiratory flow; Pao,-arterial oxygen tenSion;
A-aDo2-alveolar-arterial oxygen difference; Paco2-arterial carbon dioxide tension. patients had blood gases measured when they were breathing high concentration oxygen. As this will raise Pao2 and A-aDo2,'5 mean values for Pao2 and A-aDo2 at the time of admission refer only to the 13 patients breathing air. The mean (SD) interval between admission and the exercise test was 3-7 (1 6) days. Before exercise mean PEF showed a significant increase from the value at admission (p < 0-001), all but three subjects reaching a value greater than 70%O predicted before exercise. Mean Pao2 had increased and A-aDo2 had decreased (p < 0 001 for both) to within the range predicted for normal subjects at rest.4 15 The three subjects with persisting airflow obstruction had normal blood gas measurements at the time of exercise. Persisting airflow obstruction was also present when they were later reviewed. During exercise mean Pao2 or A-aDo2 remained within the limits expected for normal subjects, '5 (14) 158 (18) 103 (17) ft, (breaths/min) 16 fC--heart rate; fb-respiratory rate; VT-tidal volume; VEminute ventilation; Vo,-oxygen uptake; VCo,-,mTboin dioxide production; VD-dead space. remaining 14 subjects. Mean oxygen uptake during the test was 54 1-% of the predicted maximum Vo2. Ten minutes after exercise measurements had returned to the levels observed before exercise.
Discussion
On admission to hospital with acute asthma all the patients had substantial airflow obstruction and evidence of VA/Q imbalance with a low Pao2 and an increased A-aDo2. Intensive treatment was instituted and in most patients these measurements had reverted to normal before exercise-within a few days of admission. The rapid recovery seen in most subjects was probably a reflection of their relative youth; younger asthmatic patients usually respond faster to treatment than do older patients.16
After treatment for acute severe asthma appreciable VA/Q imbalance may persist despite normal spirometric and blood gas measurements, Pao2 being maintained by an increase in cardiac output.17 In these circumstances the increase in blood flow and the ventilation that accompanies exercise might be expected to cause worsening gas exchange, especially if ventilation increased to areas of the lung that were already overventilated with respect to their blood flow, and if blood flow increased to poorly ventilated areas of lung. Nevertheless, when our patients underwent exercise there was no fall in Pao2 or increase in A-aDo2, indicating that any possible residual VA/Q imbalance was of minor degree and insufficient to cause any worsening in gas exchange. These The intention of the present study was to observe the effect of exercise in asthmatic patients receiving standard treatment for acute asthma, so treatment was not interrupted. As a result the bronchoconstrictor response to exercise normally seen in patients with hyperresponsive airways was suppressed and consequently there was no deterioration in gas exchange after exercise.
The effect of exercise on gas exchange after treatment had been withdrawn was studied in We wished the study to be of practical relevance and aimed therefore at a level of exercise that would approximate to the maximum most patients were likely to undertake while recovering from acute asthma. The external work load we used was that recommended for moderate exercise in normal subjects.27 This meant that subjects performed work at about 50% of their maximum exercise capacity, measured in terms of V02. We used constant load exercise rather than progressive exercise, to enable gas exchange to be measured during steady state conditions. Treatment was not withdrawn so that patients were studied under conditions that would normally apply to those who had recently been treated in hospital for acute asthma. This study shows that in young patients given intensive treatment for a recent episode of acute severe asthma mild to moderate exercise is unlikely to cause a deterioration in gas exchange during or after exercise if resting measurements of PEF, Pao2, and A-aDo2 are normal or near normal. Such patients can safely resume moderate exercise soon after being discharged from hospital.
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